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topic dermatitis (AD) is a chronic disease of the skin characterized by itching, redness, and swelling. Primarily affecting infants and children, it is estimated that 20% of infants and young children are affected by AD, while 60% of these children continue to experience symptoms into adulthood. 1 Overall, a 2-to 3-fold increase in AD has been observed over the past 30 years, and it is currently believed to affect 10% to 15% of the population at some point in childhood. 2, 3 The prevalence of AD has risen along with asthma and other atopic diseases. This epidemiological change is attributed to environmental factors (such as allergens and pollutions) and lifestyle factors (such as diet and stress). 4 Fifteen percent to 30% of AD patients are estimated to have coexistent asthma, and nearly 80% of children with AD will subsequently develop allergic airway disease, such as asthma or allergic rhinitis. 5 As such, AD has been suggested as an "entry point" for subsequent allergic disease. 6 Researchers have hypothesized that AD and asthma share common pathophysiologic mechanisms related to early immunoglobulin (Ig) E production and consequent allergen/IgE reactivity [7] [8] [9] [10] ; 3 of the AD linkages have been found to correspond with known asthma loci, indicating that AD shares genetic determinants with asthma. 6 In 1997, the direct medical cost of AD in the United States for patients aged <65 years was estimated to range from $1 billion to $4 billion depending on the extent to which costs for comorbid conditions were considered. 11 However, these estimates do not include costs for items or services not paid by third-party payers such as patient copayments for office visits and prescription medications as well as for over-the-counter (OTC) products. A study conducted in a large managed care organization calculated that the total burden of AD, including direct medical costs, out-of-pocket expenses, and lost productivity, amounted to an annual cost of $609 per patient, with 27% attributed to direct medical costs. 12 Outpatient visits and prescription medications accounted for 63% and 30% of the direct medical costs, respectively. Productivity loss accounted for almost 50% of the total burden, and the impact was significantly higher for individuals with severe disease.
Traditionally, treatment has primarily involved the use of emollients to ameliorate dry skin and short-term use of topical ABSTRACT OBJECTIVE: Budget impact models are useful tools for managed care organizations to make drug formulary decisions. The objective of this study was to estimate the incremental budgetary change in per-member-per-month (PMPM) medical and pharmacy costs for atopic dermatitis (AD) or eczema after the introduction of pimecrolimus cream 1%, a topical calcineurin inhibitor.
METHODS: Estimates of the percentage of patients seeking care, treatment patterns, and quantities of medications dispensed for AD were measured using 2001 and 2002 medical and pharmacy records in a proprietary database for health plans distributed throughout the United States. Approximately 2.5 million health plan members had continuous health insurance coverage during the study period. Costs for medications were assigned using the 2003 wholesale acquisition cost, and costs for physician visits were based on average 2003 Medicare reimbursement rates. Efficacy data from clinical trials were used to model the impact of pimecrolimus on subsequent physician visits. Sensitivity analyses were performed to evaluate the impact of varying the percentage of patients seeking care, practice patterns, medication quantities, percentage of pimecrolimus users, and levels of patient cost sharing.
RESULTS: The estimated percentage of health plan members seeking care for AD in 2001 was 3.2%. The estimated total cost PMPM for AD treatment prior to introduction of pimecrolimus was $0.362 for all covered lives, assuming no patient cost sharing. In the year after its introduction, 5.2% of the AD population filled a prescription for pimecrolimus. The incremental increase in pharmacy benefit cost was $0.008 PMPM in 2003 dollars, but the total incremental medical and pharmacy cost was $0.002 PMPM after accounting for the projected reduction in physician visit costs, representing a 0.7% increase in all AD-related costs. Based on sensitivity analyses, the incremental total cost PMPM after the introduction of pimecrolimus ranged from -$0.004 to $0.026. CONCLUSION: Using claims data for the medical treatment of AD in [2001] [2002] and the utilization of pimecrolimus, the addition of pimecrolimus as a treatment option for AD had a minimal impact on PMPM costs for AD-related care in 2003 dollars. As with all pharmacoeconomic models, health plans should perform their own budget forecasting using assumptions derived from their own pharmacy and medical claims data.
corticosteroids to treat acute disease flares. Although treatment with topical corticosteroids is efficacious, long-term use of these agents can cause skin atrophy and suppression of the hypothalamic-pituitary-adrenal (HPA) axis. [13] [14] [15] [16] These adverse events have led patients and practitioners to express the need for alternative therapeutic options for the treatment of AD. 17, 18 The introduction of pimecrolimus (Elidel) cream 1% in January 2002 provided practitioners with a nonsteroidal, topical treatment option that has been shown to be effective in AD management. [19] [20] [21] [22] In addition, early use of pimecrolimus has been shown to reduce or eliminate the need for topical corticosteroids. 21 A budget impact model was developed to estimate the annual direct medical cost of treatment for AD and to estimate the incremental budgetary impact of the introduction of pimecrolimus as a treatment option for AD or eczema.
ss Methods
A retrospective pre-post study design was implemented to estimate treatment cost of AD prior to and after the market introduction of pimecrolimus in January 2002. The calculation was replicated in a Microsoft Excel-based spreadsheet model, which serves as a flexible analytic tool to examine the budgetary impact of the introduction of pimecrolimus from both a societal and a managed care organization perspective. The analysis included AD costs from outpatient physician visits and medications. Hospital costs were not included because inpatient care for this condition is extremely rare. 12 Claims data from MarketScan (MedStat, Ann Arbor, Michigan) served as the primary data source for estimates of resource utilization. This database provided integrated pharmacy and medical claims from various health plans in the United States. The analysis cohort consisted of individuals who were continuously enrolled in a health plan in 2001 and 2002 and who had a claim for at least one office visit with a diagnosis code indicating atopic dermatitis or eczema (ICD-9-CM: 691.8, "other atopic dermatitis"; ICD-9-CM: 692.9, "dermatitis not otherwise specified") in either year. Based on the structure of the claims database, 5 diagnosis-related code fields were reviewed for these AD diagnoses. Most office visits (92.8%) captured in the model were identified based on the primary diagnosis code, however. In this paper, all references to AD are inclusive of eczema.
Annual rates of physician visits for AD were estimated separately for generalist and specialist physicians. 23 Generalist physicians consisted of internists, family practitioners, and pediatricians. Specialist physicians represented practitioners of various therapeutic areas, primarily dermatology.
To estimate annual costs for medications, the model was designed to multiply the proportion of patients with AD who were treated with different types of medications for AD by the average number of each type of medication used each year. Medications were categorized as brand prescription corticosteroids, generic prescription corticosteroids, OTC corticosteroids, tacrolimus (Protopic), or pimecrolimus. The wholesale acquisition cost (WAC) was used to estimate medication costs based on 30 gram tubes for all medications considered (the WAC cost for 30 gram tube pimecrolimus 1% was effective on January 7, 2003). 24 Because OTC treatments are not captured in the MarketScan data, published data were used to estimate the utilization of OTC topical corticosteroids for AD. 25 The proportions of patients taking each type of prescription medication were based on utilization patterns in the MarketScan data. To simplify the model, when patients had claims for more than one type of medication (6.4% of patients), treatment classification was based on the most frequently prescribed medication. However, after the introduction of pimecrolimus, "cotreatment" with pimecrolimus and corticosteroids was accounted for in the model. Unit costs assigned to physician visits and medications are reported in Table 1 .
Migration to treatment with pimecrolimus was based on the proportions of patients switching from previous treatments (or no treatment) to pimecrolimus. The annual number of tubes of topical medications dispensed to each patient was also computed and integrated into the model.
Data from a double-blind, multicenter, randomized, parallel-group clinical trial of 713 children with AD, ranging from age 2 to 17 years, were used to model the impact of pimecrolimus on the number of physician visits and use of corticosteroids. 20 In the trial, 476 and 237 pediatric AD patients were randomized to the pimecrolimus treatment and standard treatment, respectively. Patients randomized to standard treatment received emollients as the maintenance treatment and topical corticosteroids for the flare management. Based on the trial data, the budget impact model assumed that 57.4% of patients treated with pimecrolimus would not require cotreatment with corticosteroids. The model also used the 31.4% reduction in the
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Unit Costs Applied in Base-Case Analysis number of flares observed among patients using pimecrolimus in the trial as a proxy for a reduction in physician visits, assuming that fewer flares led to fewer physician visits.
Benefit Design
The budget impact model was designed to incorporate patient cost sharing. For prescription medications, 1-, 2-, or 3-tier copayment or coinsurance designs could be applied. Also, copayments for office visits to generalists and specialists could be applied separately. However, unless specified, patient cost sharing was not considered as all patient copayments (or coinsurance rates) were set to $0 (or 0%).
Cost Metrics
The resulting estimates were reported in 2003 U.S. dollars in 2 ways: (1) aggregate costs based on 1 million hypothetical enrollees and (2) cost per member per month (PMPM).
Sensitivity Analysis
One-way sensitivity analyses were carried out to evaluate the impact of varying model parameters without patient cost sharing. Key parameters included were the cost of medications, percentage of patients seeking care for AD, treatment patterns, and treatment efficacy. Sensitivity analyses of prescription medication costs considered a relative change of ± 50% in WAC and an alternative pricing scenario based on average wholesale pricing (AWP). 24 Other sensitivity analyses evaluated estimates of the percentage of patients seeking care, percentage of pimecrolimus users, average number of pimecrolimus prescriptions, and the impact of pimecrolimus on corticosteroid use and subsequent physician visits for AD by a relative change of ±50%.
To evaluate a worst-case (highest annual cost and incremental cost) scenario, the following estimates were jointly increased or decreased by 50% relative to the estimates used in the base-case analysis: Worst-case Scenario • Cost of pimecrolimus (+50%) • Percentage of pimecrolimus users (+50%) • Average number of pimecrolimus prescriptions (+50%) • Reduction in the proportion of pimecrolimus-treated patients requiring cotreatment with prescription corticosteroids (-50%) • Reduction in the number of AD-related physician visits for patients treated with pimecrolimus (-50%) To evaluate a best-case (lowest annual cost and incremental cost) scenario, the following estimates were jointly increased or decreased by 50% from the estimates used in the base-case analysis: Best-case Scenario • Cost of pimecrolimus (-50%) • Percentage of pimecrolimus users (-50%) • Average number of pimecrolimus prescriptions (-50%) • Reduction in the proportion of pimecrolimus-treated patients requiring cotreatment with prescription corticosteroids (+50%) • Reduction in the number of AD-related physician visits for patients treated with pimecrolimus (+50%) From the payers' perspective, the budgetary impact of imposed patient cost sharing was evaluated in the model by incorporating patient copayments for office visits and medications into the base case. Office visits to generalists required a $10 copayment while visits to specialists assumed a $20 copayment. For medications, brand-name corticosteroids, tacrolimus, and pimecrolimus were assumed to have a $20 copayment while generic corticosteroids had a $10 copayment or were equal to the cost of the medication, whichever was less. OTC corticosteroids were also assumed to be paid entirely by the patient. Lastly, the 2003 pimecrolimus utilization data derived from MarketScan were also utilized along with 2004 pricing data for physician visit 23 and drug costs, 24 assuming no patient cost sharing. Based on a hypothetical health care plan with 1 million enrollees with no patient cost sharing, annual medication costs for AD were estimated at $304,796, and annual physician visit costs were estimated at $4,039,380 (Table 2) . When combining costs for medications and physician visits, the total cost PMPM was approximately $0.362. After the introduction of pimecrolimus, 4.6% of patients previously prescribed brand corticosteroids, 4.7% of patients previously prescribed generic corticosteroids, and 5.2% of patients using OTC corticosteroids or no corticosteroids (including patients with their first diagnosis of AD in 2002) migrated to treatment with pimecrolimus. In addition, 20.2% of patients who were previously prescribed tacrolimus in 2001 switched to treatment with pimecrolimus in 2002. Overall, it was estimated that 5.2% of patients with AD received a prescription for pimecrolimus, and these patients filled an average of 1.5 prescriptions in 2002. Assuming no patient cost sharing, aggregate medication costs for AD increased by 31.5% to $400,856, and total physician visit costs decreased by 1.6% to $3,972,857 after introduction of pimecrolimus. Using the cost PMPM metric, total costs increased by $0.002 to $0.364 PMPM, representing a 0.7% increase. Figure 1 summarizes the findings from 1-way sensitivity analyses assuming no patient cost sharing. The 3 primary cost drivers in the model were the cost of pimecrolimus, the annual number of pimecrolimus prescriptions, and the reduction in physician visits for patients using pimecrolimus. Since these cost drivers affect only the AD treatment costs after pimecrolimus introduction, treatment costs prior to the introduction in these 3 analyses and the base case are the same. When either the cost of pimecrolimus or the annual number of tubes of the medication dispensed was decreased by 50%, medication costs only increased by 13.5% and total cost decreased by 0.6% (or by $0.002 PMPM) after the introduction of pimecrolimus to the marketplace as compared with the previous year without pimecrolimus. When increasing the cost of pimecrolimus or the number of tubes of pimecrolimus dispensed by 50%, medication costs increased by 49.5% and total cost increased by 1.9% (or by $0.007 PMPM). When the reduction in physician visits due to pimecrolimus was increased by 50% from 31.4% to 47.10%, physician visit costs decreased by 2.5% and total costs decreased by 0.1% (or by <$0.001 PMPM). When the reduction in physician visits resulting from pimecrolimus was reduced to 15.7%, physician visit costs decreased by 0.8% and total costs increased by 1.5% (or by $0.005 PMPM). Across the 3 sets of sensitivity analyses, total cost PMPM after the introduction of pimecrolimus ranged from $0.360 to $0.369, representing differences of approximately ±$0.005 PMPM relative to the base case of $0.364 PMPM.
When the AWP was substituted for the WAC for all medications, medication costs increased to $399,338 for the year prior to the introduction of pimecrolimus and $519,028 in the year after its introduction to the marketplace, representing an increase of 30.0% in medication costs; total cost PMPM increased by 1.2% (or by $0.004 PMPM).
Varying the percentage of patients seeking care for AD did not affect the percentage change in costs after the introduction of pimecrolimus but had a significant impact on the magnitude of the cost estimates. For each 1% absolute increase, medication costs after the introduction of pimecrolimus increased by $125,267 ($0.010 PMPM); total costs also increased by $1,366,785 ($0.114 PMPM) per percentage point (Figure 2 ).
In the sensitivity analysis where the percentage of pimecrolimus users was increased, for each 1% absolute increase, medication costs increased by approximately $22,322 ($0.002 PMPM), and total costs increased by approximately $9,669 ($0.001 PMPM) after the introduction of pimecrolimus (Figure 3) . The relative change of ±50% in the reduction on corticosteroid use among pimecrolimus users only had a minimal impact of approximately ±$0.001 PMPM relative to the base case. Figure 4 summarizes the worst-and best-case scenarios. Variations in model parameters affected only the AD treatment costs after the introduction of pimecrolimus so treatment costs prior to pimecrolimus introduction in these scenarios and in the base-case scenario are the same. In the worst-case scenario, using estimates and assumptions resulting in the highest costs to the health care system including no patient cost sharing, medication costs increased by 117.3% to $662,217, physician visit costs decreased by 1.2% to $3,989,488, and the total cost increased by 7.1% to $4,651,704 after the introduction of pimecrolimus. Using the PMPM measure, medication costs increased from $0.025 to $0.055, physician visit costs decreased from $0.337 to $0.333, and total costs increased from $0.362 to $0.388.
In the best-case scenario, using estimates and assumptions resulting in the lowest costs and assuming no patient cost sharing, medication costs increased by 1.4% to $309,115, physician visit costs decreased by 1.2% to $3,989,488, and the total cost decreased by 1.0% to $4,298,602 after the introduction of pimecrolimus. Using the PMPM metric, medication costs increased by <$0.001, physician visit costs decreased from $0.337 to $0.333, and total costs decreased from $0.362 to $0.358. The impact of decreasing the percentage of pimecrolimus users and increasing the impact of pimecrolimus on subsequent physician visits in the best-case scenario had the same impact as increasing the percentage of pimecrolimus users and decreasing the impact on subsequent physician visits in the worst-case scenario. Thus, the impact on costs for outpatient physician visits was the same in both scenarios.
From the perspectives of payers and patients, the impact of imposing patient cost sharing was considerable. Prior to the introduction of pimecrolimus, for a hypothetical population of 1 million enrollees, total annual costs to the payer were estimated at $3,383,165 ($0.282 PMPM) and total annual costs for patients were estimated at $961,011 ($0.080 PMPM). After its introduction, total annual costs to the payer actually decreased slightly to $3,379,504 ($0.282 PMPM) and increased to $994,209 ($0.082 PMPM) for the patients. Thus, after imposing patient cost sharing, the managed care organizations accrued a 0.1% savings in total costs in the year following the introduction of pimecrolimus while total cost for patients increased by 3.5%.
An analysis update using 2003 MarketScan data indicated that the estimated percentage of AD patients seeking care was ss Discussion AD is a prevalent disease and imposes great financial burden on the health care system and even more so on individuals when considering out-of-pocket medical expenses and indirect costs due to loss of productivity. 12 The evidence of AD being a risk factor for childhood asthma is convincing. 5, [7] [8] [9] [10] 26 Although it remains to be proven that the appropriate management of AD is effective in preventing other allergic diseases, future disease prevention is an important focus in developing treatment guidelines in light of the medical and economic impact of the increasing prevalence of allergic diseases. Budget impact models provide a valuable tool to health plans in making formulary decisions. Such models allow managers to gauge the potential economic impact resulting from the introduction of a new pharmacological treatment on medical and pharmacy budgets. This budget impact model quantifies both the pharmacy and medical costs for patients with AD using actual treatment patterns as measured in a claims database.
Given pimecrolimus usage in the insured marketplace after its introduction, it appears that overall health care budgets for AD-related care will be modestly affected-by approximately 0.7%. Our analysis also showed that medication costs for AD prior to pimecrolimus introduction are relatively low at approximately $0.025 PMPM, even in consideration of patients' out-of-pocket expenses for prescription copayments and OTC medications. The introduction of pimecrolimus was estimated to increase medication costs by about $0.008 PMPM, or approximately $96,000 annually for a health plan with 1 million beneficiaries. This increase in medication costs was offset by a reduction in estimated costs for outpatient physician visits of approximately $66,500, or $0.006 PMPM. The net increase in total cost was estimated at approximately $29,500, or $0.002 PMPM.
Sensitivity analysis was conducted to provide a range of estimates a health plan might expect to see when varying assumptions regarding treatment patterns. In a hypothetical cohort of 1 million health plan members, total costs after the introduction of pimecrolimus to the marketplace ranged from $4,298,602 to $4,651,704. The total cost PMPM ranged from $0.358 to $0.388, representing an incremental PMPM from -$0.004 to $0.026. Given that most health plans provide medication benefits at $25 to $35 PMPM, the relative impact of the addition of pimecrolimus in the first year after its introduction was relatively minimal, even in the worst-case scenario.
Limitations
One limitation of this study is that the proportion of patients switching from other therapies to pimecrolimus was based on data from the first year after the market introduction of pimecrolimus. This proportion may or may not pertain to subsequent years, and the use of pimecrolimus would be expected to increase over time. Health plans should perform their own budget forecast modeling using assumptions derived from their own pharmacy and medical claims data.
Our findings may not be generalizable to plans with other cost-sharing arrangements; for example, migration rates to pimecrolimus in a given health plan may differ from the data found in this proprietary database due to different formulary structures and copayment requirements. Nevertheless, this model is intended to assist managed care organizations to estimate potential budgetary impact upon the addition of pimecrolimus to the formulary. Even though our base-case estimate of percentage of pimecrolimus users may not accurately reflect generalizable migration rates, by varying this variable in a sensitivity analysis, the total cost PMPM was found to increase approximately $0.001 for each 1% increase in pimecrolimus users. In addition, by using recent utilization data along with updated pricing to increase the relevance of this analysis to heath plans today, the total cost PMPM was $0.358, an increment of $0.015 from before formulary placement, demonstrating a small budget impact.
Another potential study limitation pertains to our assumption that flare reduction in a clinical trial is directly reflected in reductions in physician visits in real-world practice. If routine follow-up appointments are made, there will be no cost offset from a reduction in the costs of physician office visits. It is also possible that the number of physician visits may have been underestimated if more patients begin seeking medical care for treatment of AD when an alternative to topical steroid therapy becomes available. In this budget impact model, attempts were made to address this limitation by including patients with their first diagnosis of AD in 2002 and who were prescribed pimecrolimus. In addition, when examining only the pharmacy impact, assuming no reduction in physician visits, PMPM increased minimally by $0.008. Further, an assessment of the patient's disease severity was not possible in this pharmacy and medical claims database analysis, and costs associated with adverse events caused by treatments were not considered. Ninety percent of AD patients suffer from mildto-moderate disease, 27 which accounts for 90% of AD visits to dermatologists. 28 Before the introduction of pimecrolimus, topical corticosteroids were the mainstay of pharmacological management for AD. However, duration and intensity of corticosteroid therapy is generally restricted for children because of potential treatment side effects. [29] [30] [31] By managing the mildto-moderate AD patients more effectively using medications with better side-effect profiles, a reduction in physician visits due to better control of AD and avoidance of potential adverse events may occur. These factors will change the budgetary impact and should be taken into consideration. The conduct of sensitivity analysis on several variables helps to address some of the limitations in the model assumptions.
ss Conclusion
Given the estimated percentage of patients seeking care for AD (3.2%) from this pharmacy and medical claims database analysis, this budget impact model demonstrates that a relatively minimal incremental budget impact of pimecrolimus would be expected. The estimated incremental increase in pharmacy benefit cost in 2003 dollars was $0.008 PMPM, but the incremental total combined medical and pharmacy cost was reduced to $0.002 PMPM after accounting for the projected reduction in physician visit costs. Incremental total costs of $0.002 PMPM represented a 0.7% increase in all AD-related costs. Health plans should perform their own budget forecast modeling using assumptions derived from their own pharmacy and medical claims data for pimecrolimus and the treatment of AD.
